Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Given this alarming scenario, policy action focusing on stopping the Amazon deforestation is urgently required both at the international and at the national level. At the international level, a comparison of the economic costs that might be involved in limiting CO z emissions from Amazon deforestation against those associated with other international action is asked for (Amelung and Wiebelt 1995) . At the national level, solutions to the Amazon deforestation problems will require deep changes in the attitude of the Brazilian government with respect to environmental issues. The geographical vastness and demographie emptiness of the Brazilian Amazon make it still an open-access resource that is overutilized from both global and local perspectives. In addition to the inadequate institutional framework, misguided government policies have further stimulated unsustainable rates of natural resource depletion. These policies will have to be drastically reoriented in order to reconcile economic growth and environmental protection.
In sharp contrast to the need for policy action, Brazil still takes a free-rider position arguing that it's scope for policy action is severely constrained by pressing economic and social problems. It could be argued, however, that macroeconomic reforms may not only solve acute economic and social problems but also ease environmental pressure. Moreover, sectoral and regional policies to reduce deforestation do not necessarily increase economic and social pressures.
The present paper quantitatively investigates the effects of such policies. The objective is to sort out policies which protect Brazil's tropical rain forest at least economic costs. For this purpose, a computable general equilibrium (CGE) model was developed which -contrary to the widespread partial analyses of Brazilian policies -captures a wide range of policy distortions as weIl as the economy-wide repercussions of policies and, hence, allows for conclusions about structural responses and the change in land use patterns.
The remainder of this paper is organized as folIows: Section 11 provides evidence on deforestation in the Brazilian Amazon and identifies the major causes of deforestation. Both serve as a basis for policy modelling. Next, Section 111 describes the main elements and assumptions of a multi-sectoral general equilibrium model for Brazil, while the complete model specification and the underlying data base are relegated to the Appendix. This model is used in Section IV to simulate the effects of macroeconomic, sectoral, and regional policies. The main conclusions are summarized in Section V.
Poliey-Relevant Features of Amazon Deforestation
How much of Brazil's Amazon rain forest has actually been destroyed is heavily debated. Estimates range from 5.1 percent, provided by the Brazilian Government, to 7.64 percent calculated by the Brazilian National Institute for Space Research (INPE) , to 12 percent given by the World Bank (Mahar 1989, p. 6) . Applying INPE's figure to the geographical area of Legal Amazonia (Table 1) implies that some 375,000 km 2 (an area about the size of Japan) had been cleared as of 1988.
Of as much interest as the total quantity of land deforested is the rate of new clearing. INPE estimates that in 1988 121,000 km 2 of Amazonia were burned to make room for crops and pasture, ofwhich 48,000 km 2 were rain forest. These numbers imply that Brazil is losing an area of rain forest nearly the size of Costa Rica (51,000 km
2 ) each year.
The extent of deforestation differs sharply among Amazonian States ( Table 1) . As of 1991, the clearing has been most intense in the southern states. While Maranhäo cleared about 35 percent of forest land and the clearing rate in Tocantino, Mato Grosso, Para and Rondönia still ranged between 9 and 15 percent, the northern and Source: May and Reis (1993). western states of Amapa, Roraima, Amazonas, and Acre conserved over 93 percent of their forests. The regional concentration of deforestation in the southern states of Legal Amazonia influences not only the effectiveness and the costs but also the potential local resistance against alternative measures to preserve the rain forest.! Most deforestation in the Amazon is the result of small-scale farming and cattle ranching, Squatters who practice shifting cultivation are the leading agents in the conversion of forest lands to subsistence crop. Conversion to perennial crops or -as is more commonpastures, usually occurs in a second stage. Logging in Amazonia has generally been a by-product of clearing for agricultural purposes. Mining and hydroelectric development, by contrast, played a minor and indirect role (Amelung and Diehl 1992) . The expansion of the agricultural frontier is decisively conditioned by the government's construction of roads, since the existence of a road network is a prerequisite for economic and demographic settlement of the so-called terra firme (uplands between rivers that had previously served as principal transport corridors).
2 It comes, therefore, as no surprise that deforestation has followed a very predictable pattern (Seröa da Motta 1993). Much ofthe clearing has been concentrated along a few major highways or in areas targeted by the government for development.
Because deforestation activities are not independent events, it is difficult to attribute to each a proportion of the deforestation taking place. Land frequently goes through a succession of uses in the transformation from undisturbed forest to cleared land (Mahar 1989, pp. 7ff.) . For example, the process starts with the government building a road into a virgin forest. The newly accessible land is then first utilized by loggers who remove the commercially valuable species and move on. Next, marginal farmers burn the remaining forest to improve the soil's fertility. After 3 to 4 years, falling yields force the farmers to leave. The land then becomes pasture, or is abandoned.
Notwithstanding the difficulties to identify the land use which led to deforestation, some estimations give a rough indication. Areas logged can be calculated using production figures for timber (IBGE 1992, p. 564) and assuming that an average hectare supplies 60 m 3 of commercial timber (Myers 1980 Estimates for the forest land converted to cropland can be derived from annual state data on land in production for an extensive list of annual and perennial crops (IBGE 1985, pp. 438ff.; IBGE 1992, pp. 539ff.) . For 1980, the estimated areas of cropland were 9,386 km 2 in Classic Amazonia and 67,542 km 2 in the Legal Amazon; for 1989, the respective numbers were 17,273 km 2 and 100,371 km 2 .
4 These numbers imply that between 1980 and 1989, the land being used to grow crops increased about 85 percent in Classic Amazonia and about 50 percent in the Legal Amazon. Again the increase in cropland was heavily concentrated in the south.
Because converted rain forest can only be farmed for 3 to 4 years, considerable forest clearing is necessary just to maintain the current quantity of cropland. Assuming farmers just maintain the 1989 level of cropland and each hectare has a 4-year productive live, 25,093 km 2 of forest must be cleared each year. This is over three times the estimated area being logged. These estimates indicate how much more important farming pressures are as a source of deforestation in the Amazon than the pressures from logging. It also implies that a large quantity of commercially valuable timber is simply being destroyed under current farming practices.
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Estimates of the amount of pasture in the Amazon can be derived from state data on cattle herds assuming a stocking rate ofO.75 head per hectare (Myers 1980 The short description of deforestation in Brazil has shown three aspects:
(1) the absolute area of the rain forest destroyed in Brazil each year compares to the area of a small country; (2) the dynamics of deforestation differ sharply among Amazonian states with clearing being most intensive in the southern states; (3) estimates of adq.itionalland use show a clear ranking with respect to the sectoral contribution to deforestation with cattle-ranching on top followed by small-scale farming and, to a much lesser extent, logging.
While the total extent of land clearing emphasizes the relevance of focusing on Brazil, the regional and sectoral aspects provide the background for an appropriate formulation of policy alternatives and the model used for policy analysis.
A General Equilibrium Model for Analyzing Conservation Policies in Brazil
The open economy static general equilibrium model constructed for policy analysis (see the Appendix) emphasizes the real sector, with parameter values chosen to reflect the Brazilian economy. The general theoretical structure which underlies this analytical framework is the multisector, general equilibrium model system developed by Dervis et al. (1982) , which in turn has its origin in Johansen (1960) .7 This basic model was modified according to the regional and sectoral characteristics ofthe Brazilian economy which are relevant for analyzing anti-deforestation policies.
Most importantly, the model considers the Brazilian economy as consisting of three regions, where two regions (I and 11) produce only primary products and the third region produces only manufactured products and services. Region I represents the Amazon while region 11 6 Estimates of pasture land in Legal Amazonia are biased downward by the omission of Goiäs. Goiäs, however, is a major cattle-producing state and much of this industry is located in its southern region. Hence, including it here would have greatly exaggerated the area of pasture in the Legal Amazon. 7 One characteristic of this class of models is the fairly firm rooting in conventional microeconomic theory: Producers minimize costs subject to certain technology constraints, while consumers maximize utility subject to a budget constraint. Another trait is the detailed attention devoted to intersectoral linkages. contains all primary production outside the Amazon; in both regions, the primary sector is disaggregated into six producing sectors. In effect, we may think of these regions as two primary producing countries having extremely close economic ties both with each other and a third country represented by the Brazilian secondary and tertiary sectors. The two primary regions differ only with respect to the proportions in which the six primary sectors are represented in each; with region I containing a relatively high concentration of timber, livestock, and mining. In view of the fact that accessible production data was only available at the state level, region I (the Amazon) was given a sectoral structure that reflects the primary composition of the Northwest region comprising the North region (Rondönia, Acre, Amazonas, Roraima, Para, Amapa) and the states of Maranhao, Mato Grosso, and Goias, while Region II comprises the primary production in the remaining states. With this regional classification, region I accounts for about 16 percent of the total value of agricultural production in Brazil in 1980, for about 27 percent of total livestock production, 21 percent of total timber production, and 31 percent of mining. These primary sectors contribute only about 1.8 percent to Brazil's GDP while the primary sectors in region II contribute about 9.5 percent.
The commodities produced in Brazil consist of eleven goods differentiated by their degree of tradability. The sectoral classification employed here is based on an aggregation of 90-industries-136-commodities input-output table provided by IBGE (1989) and is explained in the Appendix. It is assumed that the technology employed in each primary sector is the same across regions, that each sector produces an identical good in both regions, and that there are no commodity trade barriers between both regions. Hence, the primary goods of each region are perfeet substitutes and the law-of-one price obtains across regions. However, domestically produced goods and similarly classified goods produced in the rest of the world are taken to be imperfect substitutes.
The primary factors of production have been classified into five types: labor -subdivided into mobile workers, rural workers, and urban workers 8 -, capital, and land. Mobile workers are assumed to 549 be mobile both between regions (though not internationally) and sectors. This means, essentially, that mobile workers receive the same wage, independently of the sector and region in which they are employed. Rural workers are also mobile between regions. However, their sectoral mobility is restricted to primary sectors while urban workers are assumed to be mobile across secondary and tertiary sectors. As a consequence, rural workers in both regions receive a uniform wage independent of the primary sector in which they are employed. Also, urban workers in each secondary and tertiary sector receive the same wage. Land is assumed to be in abundant supply at fixed rental rates. However, rental rates may differ between regions but not between sectors in any region.
Physical capital is both sectorally and regionally immobile in the short run, and totally mobile (sectorally and regionally) in the medium run. This means that in the short run sectoral capital stocks are exogenously fixed, while their rates of return are determined endogenously. In the medium run, the sectoral and regional capital stocks are endogenously determined subject to the condition of equal rates ofreturn in each sector. Hence the model considers two closures, denoted as the short-run and the medium-run solution. 9 Several items have been placed on the list of exogenous variables in both model closures:
-Net capital flows and, hence, the balance of capital and current account are exogenous, while the exchange rate is determined endogenously. This allows to model Brazil's capital constraint without explicitly incorporating the financial sector into the model.
-The total capital stock of the economy is held constant. In the short run, this is consistent with the previous assumption of sectoral and regional capital immobility. In the medium run, this constraint serves to bring out more clearly the capital-redistribution effects of various policies across regions and sectors.
-The producer price index is held constant. The model focuses entirely on the real sector with money regarded simply as a 'veil' along traditional classical lines. This means that all real variables depend only on relative prices.
The land rental is fixed exogenously because land is assumed to be in abundant supply, leaving land usage to be determined by demand.
The model is written as a set of four groups of structural equations (see Appendix):
(1) Eqs. (1)- (7) give the domestic price vectors obtained by setting pure profits from all activities to zero, i.e., perfectly competitive conditions are assumed to prevail.
(2) Eqs. (8)- (14) describe the supply side of the mode1. 10 To capture the fact that land rentals differ inside and outside the Amazon, the model allows for distortions in land markets.
11 Eqs. (11) and (12) give the constant-elasticity-of-substitution import aggregation (Armington) functions and the corresponding sectoral import demands, which depend on relative prices and the substitution elasticities. Analogously, eqs. (13) and (14) describe the constant-elasticityof-transformation export transformation functions and the corresponding sectoral export supplies depending on relative prices and the transformation elasticities (see Table A3 ).
(3) Eqs. (15)- (20) describe the final demands for commodities by households, firms, government, and the rest of the world.
12 With respect to the last of these, it is assumed that Brazilian producers face a downward-sloping demand curve for their exports. 13 On the import side, however, the 'small-country' assumptions prevail, so that Brazil faces an exogenously given vector of imported goods prices.
(4) Eqs. (21)- (24) provide the conditions for the clearing offactor and commodity markets, trade balance, and the savings-investment identity. Since the financial sector is ignored in this model, money or bond finance of government activities are not considered. The government must finance its expenditures entirely through taxes.
All in all, the quantification of the model has been matched to both the essential structural characteristics of the Brazilian economy and to the analysis of macroeconomic, sectoral, and regional policies which affect deforestation directly or indirectly. Such policies are simulated in the following.
I~Simulation of Macroeconomic, Sectoral, and Regional Policies
Removing Macroeconomic Mismanagement
The effects of macroeconomic mismanagement can be simulated by assuming that the net capital inflow recorded by the underlying 1980 SAM is reduced to zero.
14 This is a quite reasonable procedure in the case of Brazil because macroeconomic mismanagement contributed to the fact that Brazil was among the countries which have been severely hit by the outbreak of the debt crisis leading to credit rationing and overvalued exchange rates. Continued macroeconomic mismanagement -consistent with Brazil's muddling-through strategy since that time (Funke et al. 1992 ) -also contributed to the fact that Brazil is still credit constrained while Latin America reform countries reemerged on international capital markets. Hence, the need to devalue the (real) exchange rate in order to restore external equilibrium can largely be attributed to macroeconomic mismanagement. The relevant question is whether or not the devaluation process encouraged an increased land use in the Amazon. If so, this gives an indica-tion of how much of the rain forest could be conserved by macroeconomic reform, Le., by easing the devaluation pressure and relaxing the credit constraint.
With open access to land, the change in the land use pattern and the extent of deforestation is determined by the demand for land. This is reflected in Table 2 which reports the sectoral, regional, and macroeconomic results of macroeconomic mismanagement. First of all, we notice that the devaluation affects the sectoral outputs of primary products uniformly across both regions, leading to an expansion and increasing land use in all primary sectors. This result obtains in the short as well as in the medium rune The basic reason is that these sectors produce tradable final goods or raw materials used in the production of tradable manufactured goods and, hence, benefit directly or indirectly from the increase of the relative prices for these products due to devaluation. Differences in the magnitude of the expansion between primary sectors stern from differences in export orientation, import dependence, and trade elasticities.
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Cash crops, and to a lower extent, food crops are either directly exported or processed in the highly export-oriented food manufacturing sector and, therefore, expand their production. By contrast, the production of other agricultural products increases only slightly because the backward-linkage effect resulting from the expansion of the food manufacturing sector is partly offset by reduced domestic absorption resulting from the devaluation. The production of timber and livestock are also affected to a lesser extent than crop production by the devaluation. About 95 percent ofthe timber production is consumed domestically and about 90 percent of domestic supply is either processed by the domestic consumer goods industry or used in the domestic construction industry (which is included in services in the model). Thus, there are two opposing effects on timber production. Increasing demand from abroad and the domestic manufacturing sector is partly offset by reduced demand from the domestic nontradable construction sector which reduces its production as a result 15 Not surprisingly, the largest percentage increase in output is registered by the domestic mining sector. Mining is the most export-oriented sector having the highest ratio of exports to domestic supply (see Appendix Table A3 ). Moreover, the sectoral import share of mining is large implying relatively large demand increases for the domestic product in order to compensate for relatively small reductions in imports. Finally, the domestic demand for mining is not price sensitive because these products are exclusively used as intermediates (with fixed input-output coefficients) in domestic production. oflower relative prices. The net effect is a 1 percent increase of domestic timber production. A similar result emerges in the livestock sector which is nearly exclusively oriented toward the domestic market. Forward linkages to the expanding food manufacturing sector encourage cattle ranching. However, reduced demand for breeding as a result of missing foreign exchange offsets partly this expansionary effect.
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Although the sectoral impact is the same in both regions, the overall regional impact will not be the same simply because the primary sectors are represented in different proportions in both regions and there are strong factor price effects that have a differential impact across sectors, depending on the difference in relative factor intensities. This is clearly reflected in the effects on regional factor allocation (rows (18) to (20)). In general, devaluation reduces domestic wages. However, the wage rate for rural labor increases because all primary sectors benefit from devaluation and these sectors are the sole users of rural labor. Rural labor which is intensively used in the primary sectors outside the Amazon is attracted into the more export-oriented primary sectors in the Amazon. These reallocation effects are more moderate in the medium run because higher trade substitution elasticities provide room to adjust by import substitution rather than by export expansion. As a result, more factors are retained in the import substituting sectors outside the Amazon.
With open access to land, both in the short and medium run, land usage is determined by demand. Because of the expansion of all primary sectors, i.e., allland-using sectors, land use increases inside and outside the Amazon. Thus devaluation of the exchange rate, necessary to adjust the trade balance, by improving the competitiveness of Brazil's exports and import substitutes accelerates the exploitation of Brazil's rain forest. The pressure to convert tropical forests is somewhat reduced in the medium run when there is more room for trade substitution both, on the demand and the supply side, and capital can be reallocated between different activities and regions of Brazil. Increasing substitution possibilities in domestic absorption imply that imports can now more easily be replaced by domestic 16 As for other sectors, there are two important opposing effects: Industries producing close import substitutes or exportables will benefit from increasing prices due to devaluation. However, to the extent that an industry depends on imported intermediate (such as capital goods sector) and has restricted possibilities to pass on increasing costs for imported intermediate inputs (such as the service sector), it will experience a decline in its output. Whether an industry expands or contracts then primarily depends on which of the two effects is predominant. 555 substitutes. Moreover, improved trade transformation possibilities mean individual sectors can more easily reallocate factors into export production. 1 7 As a result, the dominating intermediate and capital goods sectors expand their production, thereby easing somewhat the pressure to expand agricultural production and deforestation.
The policy implications of these simulations are straightforward. To the extent that the devaluation process was caused by macroeconomic mismanagement, this has added to the increase of land use in the rain forest area of Legal Amazonia. Hence, macroeconomic reform, most notably inflation reduction and fiscal consolidation, cannot only be expected to put the economy at a stable (positive) growth path but also to reduce the dynamics of deforestation considerably. However, it is not reasonable to assurne that deforestation could be stopped without additional direct microeconomic policy measures which have to be discussed in the following.
Equalizing Fiscal Incentives among Sectors
As shown in Section 11, cattle ranching and crop production are the main driving forces behind the rapid conversion of forest land in the Amazon. This is not only the result of market failure but policy induced to a large extent. Brazil's income tax laws virtually exempt agriculture and livestock and convert them into a tax shelter. Corporate profits are taxed at a rate of only 6 percent. Combined with generous depreciation provisions, the tax on corporate agricultural profits can be as low as 1.2 percent. On the other side, corporate profits from other activities are subject to a tax rate between 35 and 45 percent.
The implication of this tax treatment is that private and corporate investors will undertake projects in agriculture, even though the projects have a lower economic return than nonagricultural projects. Therefore, the demand for land by corporations and individuals in high income tax brackets increases, resulting in a faster expansion of agriculture into frontier areas. It also provides incentives for the accumulation of large land holdings. Moreover, the market price for land becomes too high for the poor to buy, even if given credit. This encourages them to move to the frontier in search of uncleared land.
Several authors (e.g., Binswanger 1991; Repetto 1988; Reis and Margulis 1991) have, therefore, suggested to eliminate fiscal incentives for agriculture in general. The effects of such a measure are simulated in the model by equalizing the net subsidy rates on value added across sectors.
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The results ofthis simulation are reported in Table 3 . It shows that an equalization of value-added subsidy rates is effective to the extent that it reduces overall land use in the Amazon (row (18)). Moreover, it shifts relative land use from agriculture to mining and forestry because these sectors are currently taxed. However, the area of forest affected by mining is generally small compared with that cleared for cattle ranching. The most serious mining-related problem is mercury pollution, not deforestation. As regards the forestry sector, the increase in relative land use could further improve the effectiveness of the policy measure. Contrary to cropping and pasture, forestry does not necessarily contribute to the greenhouse effect. Contributions to the increase or decrease of atmospheric carbon comes only from reductions or increases in the forest size. In a steady-state forest, the contributions of carbon to the atmosphere from decay of dead trees offsets extraction of carbon from the atmosphere by new, growing trees (Cline 1991) . A steady-state forest policy would, however, require additional policy measures.
19 Table 3 shows that the equalization of value-added subsidy rates also has unintended side effects. First, row (18) reveals that there is also a significant reduction ofland use in region 11 which is even larger than in region I. Second, real GDP declines, with equal regional percentage output losses in all primary sectors. This is reflected also in the decrease of national land input. Only those sectors expand which produce timber, mining products, consumer goods and intermediates. These exceptions can be traced back to the fact that these sectors are currently taxed.
Generally, the efficiency gains resulting from the reallocation of labor in the short run and of labor and capital in the medium run are not large enough to compensate for the production losses caused by 18 The uniform net subsidy rate is set at the average of the observed rates so that the effect on the fiscal balance is neutral. 19 The effects of improving forest policies have been analyzed for the cases of Cameroon (Thiele and Wiebelt 1993) and Indonesia (Thiele 1995) . the reduction of land input. The mixed result of the equalization of value-added subsidy rates, i.e., the sectoral policy, mostly stern from the fact that output losses emerge not only in the Amazon but also in the primary sectors outside the Amazon. This suggests the implementation of more focused policy instruments.
Improving Regional Taxation of Land
In order to avoid deforestation, it is not the conservation of land per se, which is desired, but rather the preservation of the Amazonian forest.
An important insight obtained from the traditionalliterature on optimal intervention is that policy measures should be applied at the closest possible point to the objective sought, so that other unintended effects on the rest of the economy are kept to a minimum (Bhagwati and Ramaswani 1963; Corden 1974; Johnson 1965) . In other words, any distortions arising on account of, say, the existence of extemalities or public goods are best dealt with through measures directly applied to the source of the distortion in order to avoid new by-product (or upsetting marginal conditions) elsewhere in the economy. By this principle alone, the previously examined equalization of value-added tax or subsidy rates would clearly be suboptimal as a means of achieving the objectives sought. A regionally focused policy aimed at the land market would therefore be a more direct route toward meeting that objective than would be a sectoral policy aimed at equal treatment of agricultural and manufacturing sectors. Table 4 presents the effects of an aggregate tax of 10 percent levied on land use and unifonnly applied across all primary sectors in the Amazon. In order to avoid repercussions resulting from the redistribution between private sectors and the public sector, the additional tax revenues are distributed to households. By neglecting distributional shifts, the results can be compared with those achieved in the previous simulation.
We observe that land taxes, by increasing net production costs to producers in the Amazon, disencourage overall economic activity in that region, while in general causing economic activity in the primary sectors outside the Amazon to expand. Because of the small share of Amazonian primary activities in the total economy, the regionally focused policy has no repercussions to the manufacturing sectors and services. Mobile factor resources are drawn from region 11 to be ab- sorbed in the Amazon (mobile labor and rural labor in the short run, inclusive capital in the medium run) and partly compensate for the output losses resulting from releasing land. In the short run, the reduction ofland use in the Amazon by the regional policy could have offset about two thirds of the increase resulting from the macroeconomic distortion (Table 2 ). In the medium run, a tax on Amazon land more than compensates for the increased deforestation following the devaluation. Furthermore, the macroeconomic impact of these taxes is negligible both in the short and medium run if the tax proceeds are redistributed to the private sector. Finally, the land tax program leads to a sizeable reduction in deforestation in the Amazon if compared with the sectoral program of the previous section without hampering economic activity in the primary sectors outside the Amazon.
Summary
The "deforestation problem" in Brazil, as with most questions of national concern, consists of a variety of interrelated issues, of which this paper has identified a regional, sectoral and macroeconomic dimension. To make a balanced assessment of the impact of particular policies aimed at correcting this problem, a sufficiently disaggregated model is required to handle these separate aspects simultaneously. The general equilibrium model developed here draws attention to various important effects and linkages, which in retrospect are fairly easy to explain, but would have been overlooked in a more aggregated or partial equilibrium framework designed only to address a single dimension of the problem at a time.
The results from the macroeconomic experiment bear out the expectation that a devaluation of the exchange rate, necessary for reducing aggregate demand, improves the competitiveness of Brazil's export-oriented and import-substituting industries but encourages the exploitation of the rain forest. Hence, macroeconomic reform could be expected to reduce the environmental pressure considerably by dampening the dynamics of deforestation.
This gives two conclusions. First, macroeconomic reform is complementary to conservation policies. Second, continued or even increasing macroeconomic mismanagement could easily counteract conservation policies. Therefore, if not for other reasons, macroeconomic reform is urgently required in order to provide an adequate framework for microeconomic conservation policies to be effective.
The simulation results for these policies show that their costs in terms of real GDP are rather negligible or zero. However, the results emerging from the simulation of a sectoral policy aimed at equal fiscal incentives for agricultural and manufacturing activities shows that such a policy would have only a minor impact on land use in the Amazon. In contrast, a regionally focused program of land taxes in the Amazon was shown to achieve a significant reduction of land use for agricultural purposes without obstructing economic development. That is, a regional land tax program would be preferable because of its effectiveness and its efficiency.
These simulation results also have interesting repercussions for international environmental initiatives. It is argued, e.g., by Cline (1991, p. 377) , that OECD countries could find it more cost-effective to compensate Brazil for reduced Amazon agricultural production than to achieve carbon reduction in their domestic energy sectors. The results of this paper generally do not support the assumption that compensation payments are necessary at alle Most importantly, the proposed land tax system would reduce the land input in Amazonia by about three and a half percent without any losses in real GDP. Moreover, the (static) losses reported in the case ofrevising macroeconomic mismanagement have to be interpreted with considerable care. First, dynamic gains could not be captured by the comparative-static model. Second, improved capital markets could not be considered because of the emphasis on the real sector. Third, macroeconomic reform will be necessary anyway if Brazil does not want to allow economic and social pressures to increase and to loose another decade of economic development. Finally, recent macroeconomic reforms in developing countries, e.g., Argentina, showed that consistent reforms need not to be contractionary. The problem is rather to consolidate an industrial expansion. Each of these arguments devalues the claims for compensation payments. Tables A3 and A4 , respectively, describe the sectoral structure of demand and of production costs together with estimates of the substitution and transformation elasticities. Shiells et al. (1986) and Dixon et al. (1982) . There is a close symmetry between the aggregation defined by Shiells et al. and the manufacturing sectors in our model. Where there is no close symmetry between their classification and the sectors in the Brazil model, elasticities from representative sectors in their tables (grain for food crops, cash crops, and other agricultural products; pulp for timber; miscellaneous food preparation for livestock; and footwear for consumer goods) were selected. For services and mining, elasticity estimates for the Australian DRANI model, as reported in Dixon et al. (1982) were used. -b In principle, the more homogeneous the product, the larger the value of the elasticity of transformation. It is further assumed that traded services are much less homogenous than average and that agricultural and forestry products are more homogenous than average. (11) and (12) give the CES aggregation functions for imports and domestically produced goods of the same product category and the corresponding import demand functions. Equations (13) and (14) contain the CET transformation functions combining exports and domestic sales, and the corresponding export supply functions. 
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